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(57) ABSTRACT

A signal processing method for a touch panel is provided. The
touch panel includes several capacitor electrodes. The
method includes the following steps. Detection values are
provided according to self-capacitance changes of the capaci-
tor electrodes. The detection values are then low-pass filtered
by a filter structure to generate several filtered values. A
position where a touch event occurs on the touch panel is
determined according to the filtered values.

14 Claims, 6 Drawing Sheets
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1
SIGNAL PROCESSING METHOD FOR
TOUCH PANEL AND TOUCH PANEL
SYSTEM

This application claims the benefit of Taiwan application
Serial No. 100148699, filed Dec. 26, 2011, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a signal processing
method for a touch panel, and more particularly, to a signal
processing method for preventing or alleviating disturbances
caused by panel deformation.

2. Description of the Related Art

Touch panels are human-machine interfaces. By touching
different positions with different gestures on a touch panel,
one is allowed to enter a desired command easily to a
machine, such as a computer, a cell phone and a camera.
Current touch panels are generally categorized into resistive
and capacitive types. A capacitive touch panel is more durable
and power-saving, and thus prevails in portable products
including tablet PCs and cell phones.

Lowering production costs has always been a dominant
method for manufacturers to increase product competitive-
ness. Therefore, reducing production costs of capacitive
touch panels is a goal of manufacturers. For example, a con-
ventional capacitive touch panel needs at least two patterned
conductive layers to construct a required capacitor electrode
array. In considerations of cost and yield rate, a capacitive
touch panel with merely a single conductive layer has been
developed. However, the touch panel with a single conductive
layer brings about many control issues. For example, finger
presses cause panel deformations, which possibly lead to a
capacitance change on capacitive electrodes on the single
conductive layer, and further result in undesirably inaccuracy
in touch position sensing.

SUMMARY OF THE INVENTION

According to one embodiment of the disclosure, a signal
processing method for a touch panel is provided. The touch
panel comprises a plurality of capacitive electrodes. The
method comprises steps of: providing a plurality of detection
values respectively corresponding to capacitive changes of
the capacitor electrodes; low-pass filtering the detection val-
ues according to a filter structure to generate a plurality of
filtered values; and determining a touch position where a
touch event occurs on the touch panel according to the filtered
values or the detection values. The filter structure is associ-
ated with a characteristic reflected by the touch event.

According to another embodiment of the disclosure, a
touch panel system comprising a touch panel and a touch
panel controller is provided. The touch panel comprises a
plurality of capacitor electrodes. The touch panel controller,
coupled to the capacitor electrodes, detects the capacitor elec-
trodes to generate a plurality of corresponding digital detec-
tion values. The touch panel controller low-pass filters the
detection values according to a filter structure to generate a
plurality of filtered values. A touch position where a touch
event occurs on the touch panel is determined according to the
filtered values or the detection values. The filter structure is
associated with a characteristic reflected by the touch event.

The above and other aspects of the invention will become
better understood with regard to the following detailed
description of the preferred but non-limiting embodiments.
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The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a touch panel system.

FIG. 2A is a touch screen.

FIG. 2B shows deformation of a touch panel once a touch
screen is touched by a finger.

FIG. 3 shows changes in a detection value D, ,, during a
process of a finger touching a touch panel.

FIG. 4 is an example of a touch position represented by a
coordinate derived by a touch panel controller changing as a
finger imposes different pressures.

FIG. 5 shows a detection value D,,,, and a filtered value
D /0. generated by a touch panel controller in a process of a
finger touching a touch panel according to one embodiment.

FIG. 6 illustrates a signal processing method applied to the
touch panel controller in FIG. 1 according to one embodiment
of the disclosure.

FIG. 7 is an example for explaining Step 46 in FIG. 6.

FIG. 8 is an example for explaining Step 54 in FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a touch panel system comprising a touch
panel 10, a touch panel controller 12, and a microprocessor
14. The touch panel 10 comprises a plurality of triangular to
trapezoidal capacitor electrodes 16. The touch panel control-
ler 12 is connected to the capacitor electrodes 16 via wires.
When a conductive object or a human hand touches or
approaches the capacitor electrodes 16, self-capacitances of
the capacitor electrodes 16 changes. Through the wires, the
touch panel controller 12 detects the self-capacitance changes
of'the capacitor electrodes 16, and accordingly determines the
occurrence of a touch event. The touch panel controller 12
further calculates a touch position of the touch event and
provides a corresponding coordinate to the microprocessor
14. Accordingly, the microprocessor 14 performs a corre-
sponding operation.

FIG. 2A shows a touch screen 20; FIG. 2B shows defor-
mation of the touch panel 10 when the touch screen 20
receives a finger touch. The touch screen 20 comprises the
touch panel 10, an adhesive 24, and a liquid crystal module
(LCM) 26. The LCM 26 is for displaying graphics. For
example, the adhesive 24 is a double-sided tape for substan-
tially engaging the touch panel 10 on the LCM 26. As a finger
touch imposes pressure on the touch screen 20, only the
center of the touch panel 10 is caved in to approach the LCM
26 since the periphery of the touch screen 20 is supported by
the adhesive 24.

FIG. 3 shows changes in a detection value D,,,, during a
process of a finger touching the touch panel 10. With refer-
ence to a time axis, from left to right, for a finger from
approaching the panel, touching the panel to moving away
from the panel, it shows possible self-capacitance changes of
the detection value D,,,,, corresponding to a capacitive elec-
trode detected by the touch panel controller 12. Regarding the
left most touch panel 10, the self-capacitance of the capacitor
electrode 16 on the touch panel 10 remains substantially
unchanged, and so the detection value D,,,, is substantially
zero. As the finger approaches and starts touching the touch
panel 10, the detection value D, ,,, starts rising. Regarding the
second-left touch panel 10, the touch panel controller 10
determines that a touch event occurs once the detection value
D, exceeds a threshold D, ... It should be noted that the
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touch panel controller 12 may obtain a coordinate of a touch
position according to the detection values of several capacitor
electrodes 16. Regarding the third-left touch panel 10, when
the finger causes deformation of the touch panel 10, the
detection value D, starts drifting, as shown in the diagram.
Such drifting may cause deviation between a touch position
derived by the touch panel controller 12 and the actual posi-
tion. Regarding the rightmost touch panel 10, the detection
value D,,,,, rapidly drops back to 0 as the finger withdraws
from the touch panel 10.

FIG. 4 illustrates the coordinate of the touch position
derived by the touch panel controller 12 changes along with
different pressures imposed by the finger. Referring to F1G. 4,
as the pressure imposed by the finger gets larger, the touch
position derived by the touch panel controller 12 shifts
towards the center of the touch screen 20, which deviates
from the actual touch position. This is due to greater defor-
mation of the touch panel 10 as the pressure imposed by the
finger gets larger. Further, the self-capacitance change caused
by the deformation gets larger towards the center of the touch
screen 20 compared to the outer portion of the touch screen
20. Therefore, as the pressure imposed by the finger gets
larger, the touch position derived by the touch panel controller
12 shifts further towards the center of the touch screen 20.

In the following signal processing method according to one
embodiment of the disclosure, the self-capacitance changes
of'the triangular or trapezoidal capacitor electrodes 16 on the
touch panel 10 are detected by the touch panel controller 12 in
the touch panel system in FIG. 1, and analog detection results
are converted to digital detection values D, ,,,.. Thus, the digi-
tal detection values D,,,,, respectively correspond to the self-
capacitance changes of the capacitor electrodes 16. In one
embodiment, the touch panel 10 is a single-conductive-layer
touch panel, which comprises a single transparent conductive
layer for forming the capacitor electrodes 16.

In one embodiment, the touch panel 10 comprises a filter
structure for low-pass filtering the detection value D,,,, to
generate a filtered value D, .. A coordinate is derived from
the filtered values Dy, .., to represent a touch position of the
touch event on the touch panel 10. Through the filter structure
of the instant disclosure, the filtered value D, ., stays rela-
tively stable even if the detection value D,,,,, jitters with time
due to the deformation of the touch panel 10, and so the touch
position derived is also more stable. Further, through the filter
structure, for a fast touch-and-release touch event, i.e., for a
touch event that a finger only touches the touch panel 10 for an
extremely short period, the touch position derived from the
filtered value Dy, , is much more precise compared to that
derived from the detection value D, ,,,..

In one embodiment, a beginning period of a touch event is
set as a learning period. Within the learning period, an initial
condition of the filter structure is set and updated according to
a filtered value vector DA, t,) generated by a current
detection value D,,,,,.. In the learning period, the filtered value
Dysereq generated by the filter structure having the initial
condition that is not yet set is not used for deriving the touch
position of the touch event. Only when the learning period is
over, the filtered value D ,,..,.., generated by the filter structure
having the readily set initial condition is used for low-pass
filtering to derive the touch position of the touch event, and
the touch position is then provided to the microprocessor 14.
In one embodiment, the touch position of the touch event
derived by the touch panel controller 12 within the learning
period is not provided to the microprocessor 14; the touch
panel controller 12 provides the touch position of the touch
event to the microprocessor 14 after the learning period.
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In one embodiment, a filter coefficient ofthe filter structure
changes along with a moving speed of the touch event. For
example, the low-pass strength of the filter structure gets
“heavier” as the moving speed decreases. Making the
strength of the filter “heavier” or “lighter” is described more
fully later herein.

FIG. 5 shows the detection value D, ,,, and the filtered value
D s1erea generated by the touch panel controller in the process
of a finger touching the touch panel 10 according to one
embodiment. A solid line in an upper part of FIG. 5 is iden-
tical to that in FIG. 3, and details thereof are omitted herein.
A solid line in a lower part indicates the filtered value D ;...
and a dotted line is a duplication of the detected value D, ,,, for
comparison. In FIG. 5, the detection value D, ,, corresponds
to only one capacitor electrode 16 of the touch panel 10. It is
apparent to a person skilled in the art that the touch panel
controller 12 can generate at the same time many different
detection values D, respectively corresponding to the
capacitor electrodes 16 of the touch panel 10. Therefore, the
description associated with FIG. 5 may also be applied to
other capacitor electrodes 16.

In FIG. 5, a touch period T,,,,,-cven: Of the touch event is
divided into two parts—a learning period T,,,,,,,,, and a sub-
sequent filter activated period Ty, 4erivarea- The learning
period Ty, .., 18 Turther divided into two parts—an initial
period T,,; and a subsequent stable period T,

Atatime pointt,_,,, .,.... the detection value D, ,,, exceeds
a threshold D, ;.,:» such that the touch panel controller 12
determines that a touch event occurs, and launches the entire
touch period T, _;, ooonr-

After the touch period T,,,,.,-.,en: 15 launched, in the front-
part initial period T,,,, the predetermined detection value
D,,,, exceeds the threshold D, ..., and is still rising. At this
point, the detection value D,,,, is at a transient state and has
not yet reached a stable state. Meanwhile, the filter structure
is not yet activated by the touch panel system of the disclo-
sure, and the detection value D,,,, is directly used as the
filtered value Dy, ..

As the predetermined initial period T,,,; ends and the pre-
determined stable period T, begins, the filter structure is
activated by the touch panel system of the disclosure to gen-
erate the current detection value Dy, ., according to the
previous filtered value Dy, , and the current detection value
D, However, the filtered value Dy, at this point is still
not used for deriving the touch position of the touch event.

After the predetermined stable period T, in the subse-
quent filter activated period Ty, orvareas the previous fil-
tered value Dy,.,., and the current detection value D,,,, are
employed to generate the current filtered value D, ., which
is used for deriving the touch position of the touch event. In
one embodiment, a change of the touch position of the touch
event with respect to time is approximately associated with a
current moving speed of the touch position of the touch event,
which therefore serves as a reference for the subsequent filter
structure and the low-pass strength. Details will be given in
descriptions of FIG. 8.

In one embodiment, when the filtered value Dy, drops
to lower than the threshold D,;,,.. ... the touch panel control-
ler 12 determines that the touch event ends, and thus ends the
touch period T as shown by a time pointt,,,, , .,z 0
FIG. 5.

It is learned from the above descriptions that, the filtered
value Dy, ,in the filter structure takes effect on the deriva-
tion for the touch position starting from the filter activated
period T verivarea Within the filter activated period
T pteer-acrivareas @0 initial value of the filtered value Dy, ., is
determined in the learning period T, The learning

touch-events
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period T,,,,,,,, serves as a period for setting the initial value
of the filtered value Dﬁhm , Within the filter activated period
Tﬁlter—act‘[vated'

By comparing curves of the detection value D,,,,, and the
filtered value Dy, in FIG. 5, it is also known that, in the
filter activated period Ty, ,crivareas the touch position of the
touch event derived by the touch panel controller 12 is less
disturbed and more smooth than that derived according to the
detection value D,,,,, before the filtering.

FIG. 6 shows a signal processing method 30 applied to the
touch panel controller 12 in FIG. 1 according to one embodi-
ment of the disclosure.

The signal processing method 30 begins with Step S32. In
Step 34, a filter condition is set to “STOP” to indicate that a
filter structure in the touch panel controller 12 is inactivated
and ineffective. The filter structure in this embodiment
accomplishes the target of the disclosure through Equation

.

DA gittered (t;) = @ DA fitrerea (ti-1) + (1 — @) # DAy (1) Equation (I)

Where D, (t,) represents a detection value vector formed
by several detection values D, ,,,, generated by the touch panel
controller 12 at a detection time point t,, DAg,.,.t;_,) rep-
resents a filtered value vector formed by several filtered val-
ues Dy, ;ataprevious detection time pointt,_;, DAg, . (t,)
represents another filtered value vector formed by several
filtered values D, ., at this current detection time point t,,
and a is a filter coefficient having a value ranging between 0
and 1. The low-pass filter strength gets lighter as the value of
adecreases. For example, when a is 0, the filtered value vector
DA ei(t;) equals the detection value vector DA, (),
which means no filter strength is provided. In other embodi-
ments, the filter structure may execute other equations apart
from Equation (I), given that the filtered value vector
DAy ereq(ty) 1s a filtered resulted of low-pass filtering the
detection value vector DA, . (t,).

In Step 36, the capacitor electrodes 16 are detected to
provide the detection value vector DA, (t,). The detection
values D, in the DA, (t,) respectively correspond to the
self-capacitance changes of one capacitor electrodes 16.

In Step 38, it is determined whether a touch event occurs
according to the detection value vector DA, (t,). For
example, when any of the detection values D, exceeds the
threshold D,,,,.. ;... it is determined in Step 38 that a touch
event occurs, and Step 40 is performed to launch the touch
period T, .. s oren When no detection value D, exceeds the
threshold D,,,,.. ... it is determined in Step 38 that no touch
event occurs, and Step 36 is iterated to generate the detection
value vector DA, . (1,, ;) of the next detection time point.

Referring to FIG. 5 and FIG. 6, in Step 40, 44 and 48, it is
identified which time point the current time point is in the
touch period T,,,.5cren: according to the filter condition.
When the filter condition is “STOP”, it means the current time
point is a first detection time point in the touch period
T, o icnevens a0d s0 Step 42 is performed to set the filter con-
ditionto “LEARNING” for getting ready to enter the learning
period Ty, When the filter condition is “LEARNING”, it
means the current time pointis in the learning period T, ,,,,,,¢s
and so Step 46 is performed to implement the filter structure
for learning and to generate the filtered value vector DA,
(t,) as the initial value of the filter activated period
Tptrer-acivaea When the predetermined learning period

tearning €S, the filter condition is set to “START”. Step 46
will be detailed later. When the filter condition is “START”, it
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means the current time point is in the filter activated period
T stior-activareas 304 Step 50 is performed to execute Equation
(D) to generate the filtered value vector DA, .(t;) and to
update the detection value vector DA, (t,) to equal to the
filtered value vector DA, ,..(t,). When the filter condition is
not any of the predetermined “STOP”, “LEARNING”, or
“START™, it is determined in Step 60 that an error occurs, and
the flow of the signal processing method 30 ends.

In Step 52, a coordinate (x(t,), y(t,)) is estimated according
to the detection value vector DA, (t,) to represent the touch
position of the touch event on the touch panel. The coordinate
(x(t,), y(1,)) may be outputted by the touch panel controller 12
to the microprocessor 14. In Step 54, the current moving
condition, e.g., a moving speed of the current touch position,
may be set according to the current coordinate (x(t,), y(t,)) and
a previous coordinate (x(t,_,), y(t,_,)). Meanwhile, the filter
coefficient may also be accordingly set to change the filter
strength of the filter structure.

In Step 56, it is identified whether the touch event ends.
Similarly, if any of the detection value D,,,, in the detection
value vector DA, (t,) exceeds the threshold D, .. 1t 18
determined that the touch event is still taking place and the
process returns to Step 36. When no detection value D,
exceeds the threshold D, .. it is determined in Step 56
that the touch event ends, and Step 58 is performed to set the
filter condition to “STOP”, followed by returning to Step 36.

It is known from the signal processing method 30 that the
detection value vector DA, (t,) is not updated in Steps 42
and 46. That is to say, the derivation for the coordinate (x(t,),
y(t,)) in Step 52 in this period is based on the original detec-
tion value vector DA, ,,.(t,). Only when the detection value
vector DA,,,..(t,) is updated according to the filtered value
vector DA, At,) in Step 50, is the derivation for the coor-
dinate (x(t,), y(t,)) in Step 52 based on the updated detection
value vector DA, (t,). Since the DA, (t,) isupdated accord-
ing to the filtered value vector DA, (t;) in Step 50, the
coordinate (x(t,), y(t,)) derived in Step 52 is low-pass filtered
and is thus resistant against drifting.

Moreover, in the filter activated period Ty, seivares the
detection value vector DA, (t,) is updated to equal to the
filtered value vector DA, . (t;) in Step 50, and so Step 56 is
in equivalence identifying whether the touch event ends
according to the filtered value vector DA, (t).

FIG. 7 shows an example of Step 46 in FI1G. 6 performed in
the learning period T,,,,,;,,- In Step 79, the filter coefficient is
set to a larger value, e.g., 0.8. This implies that if the filter
structure is executed in the learning period T,,,,,;,,» @ heavy
filter is executed. In one embodiment, the learning period
T roarning 15 40 detection time points after the touch event
begins.

In Step 80, it is determined whether the current state is
within the predetermined initial period T,,,. For example, a
determination result of Step 80 is affirmative when it is within
10 detection time points after the touch event begins, and Step
83 is performed to directly utilize the detection value vector
DA, (1) as the filtered value vector DA, (t,). When it is
within 11 to 40 detection time points after the touch event
begins, it means that it falls within the predetermined stable
period T, ; and so Step 82 is performed to determine whether
it is at the last detection time point in the learning period
T oarning- Regardless of the result in Step 82, the filter struc-
ture in Equation (I) is executed in Step 84 to generate the
current filtered value vector DA, . .(t,) according to the
previous filtered value vector DA, (t,_,) and the current
detection value DA, ,, (t,) by heavy-filtering. When it is deter-
mined in Step 82 that it is at the last detection time point in the
learning period Tj,,,,;,,, the filter condition is set to
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“START” in Step 86, such that the process enters Step 50 in
FIG. 6 at the next detection time point. Furthermore, the
filtered value vector DA, (t;) generated in Step 84 right
after the filter condition set to “START” in Step 86 is set as the
initial condition of the filter structure, to complete setting the
initial condition of the filter structure in the learning period
Tleamin .

FIG.gS is an embodiment of Step 54 in FIG. 6. In Step 62,
a displacement ‘d’ between the current coordinate and the
previous coordinate is calculated. For example, d=squrt((x
(t,)=x(t,_ ) +(y(t)=y(t,_))?), where squrt( ) is a square root.
Steps 64 and 66 are for identifying within which range the
current displacement d falls. When the displacement d is
smaller than a predetermined value DS1, it means the moving
speed of the current touch position approximates 0, and the
moving condition is set to “NO-MOVING” in Step 68, and
the filter coefficient a is set to a larger value, e.g., 0.8, in Step
90. At this point, the filter structure is a heavy filter. When the
displacement d is between the values DS1 and DS2, the
moving condition is set to “SLOW-MOVING” in Step 70, and
the filter coefficient is set to an intermediate value, e.g., 0.5, in
Step 94. At this point, the filter structure is a medium filter.
When the displacement d is greater than the predetermined
value DS2, the moving condition is set to “FAST-MOVING”
in Step 72, and the filter coefficient a is set to a smaller value,
e.g., 0.1, in Step 96. At this point, the filter structure is a light
filter. In other words, when a moving speed of the touch
position of the touch event is very slow, a heavy filter structure
is implemented in Step 50 in FIG. 6 to generate the filtered
value vector DAy, (t;) as well as to accordingly update the
detection value vector DA (t,) and calculate the subsequent
touch position of the touch event. Therefore, the derived
touch position is more stable and unaftected by deformation
disturbances of the touch panel 10. Conversely, when the
moving speed of the touch position is fast, a light filter struc-
ture is implemented in Step 50 in FIG. 6 to generate the
filtered value DAg,.,..(t;) and to accordingly calculate the
subsequent touch position of the touch event. Therefore, the
derived position may closely follow the actual touch position
of the touch event to reflect the truth.

While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited thereto. On the contrary,
it is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended
claims therefore should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements and procedures.

What is claimed is:

1. A signal processing method adapted for a touch panel,
the touch panel comprising a plurality of capacitor electrodes,
the method comprising:

providing a plurality of detection values respectively cor-

responding to a plurality of capacitance changes of the
capacitor electrodes;

low-pass filtering the detection values according to a filter

structure to generate a plurality of filtered values, the
filter structure being associated with a characteristic of a
touch event;

determining a touch position on the touch panel of the

touch event according to one of the filtered values and
the detection values;

determining a displacement according to the touch posi-

tion, the displacement being the characteristic of the
touch event,
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wherein:

when the displacement is greater than a first distance, the

filter structure is set to a first filter structure;

when the displacement is between the first distance and a

second distance, the filter structure is set to a second
filter structure;

when the displacement is smaller than the second distance,

the filter structure is set to a third filter structure;

the first distance is greater than the second distance; and

filter strengths of the first filter structure, the second filter

structure and the third filter structure are associated with
the first distance and the second distance, such that the
filter strength of the third filter structure is heavier than
that of the second filter structure, and the filter strength
of the second filter structure is heavier than that of the
first filter structure.

2. The method according to claim 1, further comprising:

determining whether the touch event occurs according to

the detection values; and

setting a learning period after the touch event occurs, and

not determining the touch position according to the
detection values in the learning period.

3. The method according to claim 2, comprising:

low-pass filtering the detection values according to the

filter structure to generate the filtered values in a stable
period within the learning period; wherein, when the
learning period ends, the filtered values are taken as a
plurality of filter initial values for setting the filter struc-
ture.

4. The method according to claim 2, comprising:

utilizing the detection values as the filtered values in an

initial period within the learning period.

5. The method according to claim 2, further comprising:

outputting the touch position to a microprocessor after the

learning period; and

not outputting the touch position to a microprocessor in the

learning period.

6. The method according to claim 1, further comprising:

determining whether the touch event ends according to the

filtered values.

7. The method according to claim 1, wherein the detection
values correspond to self-capacitance changes of the capaci-
tor electrodes.

8. The method according to claim 1, wherein the touch
panel is a single-conductive-layer touch panel.

9. A touch panel system, comprising:

a touch panel, comprising a plurality of capacitor elec-

trodes; and
a touch panel controller, coupled to the capacitor elec-
trodes, for detecting the capacitor electrodes to generate
a plurality of corresponding detection values;

wherein, the touch panel controller low-pass filters the
detection values according to a filter structure to gener-
ate a plurality of filtered values, the filter structure is
associated with a characteristic of a touch event, and a
touch position on the touch panel of the touch event is
determined according to the filtered values or the detec-
tion values,

wherein the touch panel controller determines a displace-

ment according to the touch position, and the displace-
ment is the characteristic of the touch event,

wherein:

when the displacement is greater than a first distance, the

touch panel controller low-pass filters the detection val-
ues using a first filter structure;
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when the displacement is between the first distance and a
second distance, the touch panel controller low-pass
filters the detection values using a second filter structure;

when the displacement is smaller than the second distance,
the touch panel controller low-pass filters the detection
values using a third filter structure;

the first distance is greater than the second distance; and

filter strengths of the first filter structure, the second filter
structure and the third filter structure are associated with
the first distance and the second distance, such that the
filter strength of the third filter structure is heavier than
that of the second filter structure, and the filter strength
of the second filter structure is heavier than that of the
first filter structure.

10. The touch panel system according to claim 9, wherein

the touch panel controller determines whether the touch event
occurs according to the detection values, and does not deter-

10
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mine the touch position according to the detection values in a
learning period after the touch event occurs.

11. The touch panel system according to claim 10, wherein
the touch panel controller low-pass filters the detection values
to generate the filtered values according to the filter structure
in a stable period within the learning period; and when the
learning period ends the filtered values are taken as a plurality
of filter initial values for setting the filter structure.

12. The touch panel system according to claim 10, wherein
the touch panel controller utilizes the detection values as the
filtered values in an initial period within the learning period.

13. The touch panel system according to claim 9, wherein
the detection values correspond to self-capacitance changes
of the capacitor electrodes.

14. The touch panel system according to claim 9, wherein
the touch panel is a single-conductive-layer touch panel.
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